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I. METEOROLOGY

UDC 551.576+551.577+551.578+551.508+551.511

ARTICLES ON CLOUD PHYSICS AND ARTIFICIAL MODIFICATION

Moscow TRUDY UKRAINSKOGO NAUCHNO-ISSLEDOVATEL'SKOGO GIDROMETEOROLOGICHESK-
0GO INSTITUTA: FIZIKA OBLAKOV I AKTIVNYYE VOZDEYSTVIYA (Tranmsactions of
the Ukrainian Scientific Research Hydrometeorological Institute: Cloud
Physics and Artificial Modification) in Russian Issue 170, 1979 signed to
press 10 Jul 78 pp 2, 127

[Annotation and table of contents from collection of articles edited by
Doctor of Physical and Mathematical Sciences M. V. Buykov and Candidate
of Geographical Sciences T. N. Zabolotskoy, Moskovskoye Otdeleniye Gidro-
meteoizdat, 136 pages]

[Text] This collection of papers gives data from field observations of
clouds. The papers present the results of numerical modeling of the
processes of formation of precipitation in clouds of different forms.
Also given are the results of laboratory investigations of reagents for
the modification of clouds and fogs. The collectiun 1s intended for
specialists in the field of cloud physics and artific.al modification,
meteorologists and gradulate students.

CONTENTS Page

Buykov, V., Kuz'menko, A. G., "Peculiarities in the Formation of Pre-
cipitation in Cumulonimbus Clouds With Strong Ascending Currents" 3

Manzhara, A., Bakhanov, V. P,, "Evaluation of the Influence of Evaporation
of Crystals in the Exit Tube on the Productivity of an Aircraft Gener-
ator of Ice Crystals" 25

Pirnach, M., "Investigation of the Influence of an Aggregation of Ice
Particles on Precipitation-Forming Processes in Mixed Stratiform
Clouds (Numerical Experiment)" 32

Khvorost'yanov, I., "Evolution of a Turbulent Regime in the Planetary

Boundary Layer and Frictional Vertical Currents in the Formation of
a Low Cloud Cover" 44

Buykov, V., Dorman, B. A., "Numerical Model of a Mixed Stratiform Cloud
With Allowance for Different Forms of Crystals" 59
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Page

Antonov, S., "Application of Computations of Crystallization of Cloud
Droplets to Problems in Predicting Precipitation" 73

Talerko, N., Buykov, M. V., "Computation of Trajetory of Jeis in the
Atmospheric Surface Layer" 90

Bakhanova, A., Kiselev, V. I., Oleynik, R. V., "Increase in Activity
of the Ice-Forming Aerosol AgI Under the Influence of Small Doses
of UV Irradiation" 97

Zabolotskaya, N., "Distribution of High Intensity Values in a Rain" 104

Goysa, I., Gorb, A. S., "Transmission and Absorption of Solar Radia-
tion by the Atmosphere in the Presence of Cumulus Clouds" 110

Mirmovich, A., Orlov, K. Ya., Parkhimovich, V. A., "On the Problem
of the Influence of Vibrations on Operation of 'Flying Laboratory'
Instrumentation" 123

COPYRIGHT: Ukrainskiy nauchno-issledovatel'skiy gidrometeorologicheskiy
institut (UkrNIGMI), 1979
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UDC 551.501
ARTICLES ON METHODS FOR METEOROLOGICAL OBSERVATIONS

Leningrad TRUDY GLAVNOY GEOFIZICHESKOY OBSERVATORII: METODIKA METEOROLOG-

- ICHESKIKH NABLYUDENIY (Transactions of the Main Geophysical Observatory:
Methods for Meteorological Observations) in Russian Issue 416, 1978, signed
to press 14 Sep 78 pp 2, 114

[Annotation and table of contents from collection of articles edited by
Candidate of Physical and Mathematical Sciences D. P. Bespalov, Gidrometeo-
izdat, 120 pages]

= [Text] Annotation. This collection of articles contains studies relating to
the improvement of methods for carrying out meteorological and heat bal-
ance observations, evaluation of the reliability of the results and use of
these evaluations in the methodological direction of the network of sta-
tions. The collection is intended for specialists in the Administrations
of the Hydrometeorological Service (Hydrometeorological Observatories) and
the scientific research institutes of the Main Administration of the Hydro-
meteorological Service concerned with the problems involved in the formula-
tion and carrying out of meteorological observations, generalization and
monitoring ¢f the quality of the results. The articles on the improvement

- of measurement methods contain useful material for specialists concerned

with the development of instruments. In general the collection is an aid

for students and teachers in colleges with a meteorological field of spec-

ialization.

CONTENTS Page

Bespalov, L. P., Svetlova, T. P., "Use of Results of Checking of
Meteorological Information" 3

Svetlova, T. P., "Analysis of Results of Checking of Mean Monthly Pres-
sure" 11

Bogdanova, E. G., Gorbunova, I. G., Makarov, Yu. V., "Errors in Deter-

mining the Intensity of Rains Using a Standard Pluviograph" 20
} Struzer, L. R., "Installation of Ground Rain Gages on a Slope" 36
3
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Struzer, L. R., "Method for Measuring the Quantity of Solid Precipita-
tion by Two Precipitation Gages. (Second Communication: Validation
of Computation of Dependences in Method)" 43

Braslavskly, A. P., Struzer, L. R., Shergina, K. B., Chistyayeva, S. P.,
"Practical Recommendations on Determining Values of Corrected Layer
of Precipitation at Scheduled Observation Times' 56

Adnashkin, V. N., Afanas'yev, A. A., "Peculiarities of Construction
of Scattered Light Photometers" 63

Nikishkov, P. Ya., "Results of Experimental Operation of Instruments
for Measuring and Registering the Altitude of the Lower Cloud Boun~
dary and Vertical Visibility (M-105 Instruments)" 67

Alibegova, Zh. D., Brylev, G. B., Ivanova, N. F,, "Relationships Be-
tween the Statistical Characteristics of Rains of Different Duration
for the Valday Shower-Measuring Network' 71

Alibegov, Zh. D., Kalinovskaya, E. Sh., Elizbarashvili, E. Sh., "Dis-
tribution of Precipitation by Intensity Gradations in the Zailiyskiy
Alatau" 78

Veselkin, A, Ye., Moiseyev, Yu. F., Khor'kov, 0. M., "Structure of In-
formation Exchange of Meteorological Information in an Automated Sys-
tem for Monituring Air Movement (UVD)" 90

Sternzat, S. M., "Method for Increasing the Accuracy of Initial Data
Used in Computing Heat Flows in the Soil" 94

Sanoyan, M. G., "Comparison of Two Averaging Algorithms in Computing
Heat Balance Elements" 99

Broydo, A. G., "Broadening the Field of Applicability of the Heat Bal-
ance Method for Computing its Zlements" 108

COPYRIGHT: Glavnaya geofizicheskaya observatoriya im. A. I. Voyeykova
(GGo), 1978
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UDC 551.501+519.28+519,95+681.

STATISTICAL ANALYSIS OF HYDROMETEOROLOGICAL PROCESSES USING A COMPUTER

142

Leningrad TRUDY GLAVNOY GEOFIZICHESKOY OBSERVATORII: STATISTICHESKIY ANALIZ
GIDROMETEOROLOGICHESKIKH PROTSESSOV S POMOSHCH'YU EVM (Tramsactions of the
Main Geophysical Observatory: Statistical Analysis of Hydrometeorological

Processes Using a Computer) in Russian Issue 409, 1978, signed to press
20 Oct 78 pp 2-138

[Annotation and table of contents from collection of articles edited by Can-

didate of Physical and Mathematical Sciences B. M. Il'in and Doctor of
Physical and Mathematical Sciences I. I. Polyak, Gidrometeoizdat, 144

pages ]

[Text] The authors of these articles examine the results of analysis of
hydrometeorological observations made using an electronic computer. The
articles describe programs for the harmonic aralysis of meteorological

fields. The problems involved in the storage of data on a technical carrier
are examined. The collection is intended for scientific workers, graduate

students and students using electronic computers for the processing and
alysis of observations.

CONTENTS

Polyak, I. I., Shakhmeyster, V. A., '"Some Results of Two~Dimensional
Spectral Analysis of the Geopotential Field of the 500-mb Surface"

Grib, N. K., "Harmonic Analysis of Time Series of the Total Content of
Atmospheric Ozone"

Polyak, I. I., "Some Results of Analysis of the Linear Trend in Time
Series of Air Temperature"

Polyak, I. I., "Analysis of Long-Period Oscillations of Time Series of
Atmospheric Pressure and Precipitation”

Kotel'nikova, L. V., "Some Results of Analytical Study of the Linear
Trend in Time Series of Mean Annual Values of Atmospheric Pressure'

Shakhmeyster, V. A., "Program for Reciprocal Harmonic Analysis of Two
Homogeneous Random Fields"
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Yeliseyeva, I. B., Kotel'nikova, L. V., Polyak, I. I., "Program for
Statistical Analysis of Time Meteorological Series" 71
Arkhipova, T. V., "Analysis of Binomial Filters" 75

Bager, B. G., "Use of Splines for Approximate Computation of Turbulence
Coefficients" 81

Afinogenov, L. P., "Number of Error Vectors, Undetectable hy Checking,
in an Arbitrary Set of Symbols in a Two-Dimensional Matrix and the
Probability of Detection of Error Spots" 86

Afinogenov, L. P., "Possibilities of Correction of Frror Spots in Multi-
dimensional Code Matrices" 95

Afinogenov, L. P., Abashev, G. A., "Possibilities of Correction of Gaps
in Synchronization in Multidimensional Code Matrices" 100

Abashev, G. A., Afinogenov, L. P., "Distribution of Error Vectors and
Noise Immunity of Two-Dimensional Matrices Relative to Independent
Errors" 109

Myasnikov, G. N., "Organization and Program for Forming a Computer Ar-
chives for the World Actinometric Network" 120

Ryzhikh, Ye. P,, Shchipaaova, L. P., "System for Prolonged Storage of
Information on a Standard Magnetic Tape for the 'Minsk-32' Computer 130

COPYRIGHT: Glavnaya geofizicheskaya obse.vatoriya im. A. I. Voyeykova
(GGo), 1978
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UDC 551.501:508.824:389

METROLOGICAL STUDIES AND PROBLEMS IN CONTROL TESTING OF METEOROLOGICAL
INSTRUMENTS

Leningrad TRUDY GLAVNOY GEOFIZICHESKOY OBSERVATORII: METROLOGICHESKIYE
ISSLEDOVANIYA I VOPROSY POVERKI METEOROLOGICHESKOY APPARATURY (Transac-
tions of the Main Geophysical Observatory: Metrological Studies and Prob-
lems in Control Testing of Meteorological Instruments) in Russian Issue
414, 1978, signed to press 11 Aug 78 pp 2, 116

[Annotation and table of contents from collection of articles edited by
Candidate of Technical Sciences N. P. Fateyev, Gldrometeoizdat, 120
pages]

[Text] Annotation. The articles in this collection of papers are devoted
to an analysis of the state of meteorological measurements, the problems
involved in the introduction of local check schemes and metrological in-
vestigation of measuring instruments. The articles also examine the metro-
logical properties of working and sample measuring instruments, in partic-
ular, the results of experimental investigations of the accuracy para—
meters of aspiration psychrometers, and also give descriptions of some
new instruments and measuring complexes. The collection is intended for
specialists working in the field of support of meteorological and geophys-
ical measurements and can be useful for persons developing and operating
instrumentation for the mentioned purpose, graduate students, instructors
and students at colleges and instructors and students at meteorological
technical schools.

CONTENTS Page

Fateyev, N. P., Kozhevnikov, B. L., "Analysis of the Status of Meteor-
ological Measurements" 3

Fateyev, N. P,, "Conversion of Unit Values of Physical Parameters and
Scientific-Technical Measures for Developing and Introducing Local
Checking Schemes in the Hydrometeorological Service for Meteorolog-
ical Measurements" 9

Rogalev, Yu. V., Fateyev, N. P., "Choice of Optimum Conditions in
Checking and Metrological Certification of Measuring Instruments" 20
7
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Klevantsova, V. A., Pokrovskaya, I. A., Shchebelina, L. Ye., "Random
Errors in Checking Thermoelectric Actinometers" 27

Veselova, L. K., Klevantsova, V. A., "Evaluation of Atmospheric Turbid-
ity in Pyrheliometric Measurements" 33

Rogalev, Yu. V., Teterev, G. I., "Method for Checking Measurement Con-
verters of Atmospheric Pressure Operating on the Deformation Prim-
ciple" 37

Tolstobrov, B. Ya., Berdovskiy, N. N., '"Meteorological Measuring In-
formation System for Investigating the Structure of the Atmospheric
Boundary Layer" b4

Tolstobrov, B. Ya., "Remote Electric Psychrometer with Self-Moist-
ening" 52

Leonova, L.I., Yadova, L. A., Kiiman, N. N., Fateyev, N. P., Reznikov,
B. V., Doman'kova, T. P., "Experimental Investigations of Aspiration
Psychrometers'' 58

Leonova, L. I., Yadova, L. A., Kliman, N, N., Fateyev, G. P., Reznik-
ov, G. P., Kurov, V. V., Doman'kova, T. P., "Metrological Analysis
of Resu.cs of Experimental Investigations of Aspiration Psychro-
meters" 82

Reznikov, G. P., Rogalev, Yu. V., "An Adaptive System for Checking
Measurement Instruments for Meteorological Elements" 95

Reznikov, G. P., "Impedances of Hygrostats and Hygrometers" 106

COPYRIGHT: Glavnaya geofizicheskaya observatoriya im. A. I. Voyey-
kova (GGO), 1978
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II. OCEANOGRAPHY
UDC 551.465.41
CHARACTFRISTICS OF SMALL-SCALE TURBULENCE IN THE OCEAN THERMOCLINE

Moscow IZVESTIYA AKADEMII NAUK 5SSR in Russian Vol 15, No 10, 1979 pp 1060~
1066

[Article by V. S. Belyayev, I. D. Lozovatskiy and R. V. Ozmidov, Institute
of Oceanology, submitted for publication 22 August 1978]

Abstract: The authors analyze data from measure-
ments of the vertical microstructure of the cur-
rent velocity and conductivity fields and the
accompanying local background conditions in the
upper 300-m layer of the ocean. Estimates of the
rate of evening-out of temperature inhomogeneit-
ies, rate of dissipation of turbulent energy,

Cox number, turbulent heat flux, buoyancy scale,
coefficients of turbulent heat exchange and ex-
change of momentum, and gradient Richardson num-
ber in the ocean thermocline were obtained. In
the range of change in the Richardson number Ri
from 0.12 to 1.2, prevailing under the measure—
ment conditions, the dependence of the Cox number
and the ratio of the coefficients of turbulent
exchange of heat and momentum are approximated by
power~law dependences on Ri with exponents (-0.8)
and (-1) respectively.

[Text] The statistical characteristics of small-scale turbulence in the
ocean thermocline are essentially dependent on the local parameters of
stratification of the medium such as the local gradients of density and
current velocity., Under the influence of strong stable stratification, char-
acteristic for the ocean thermocline, there can be an appreciable decrease
in the intensity of current velocity fluctuations in the thermocline in
comparison with the upper mixed layer. The statistical regime of small-
scale flucruations of hydrophysical fields in such cases will differ from
the regime of well-developed turbulence at high Reynolds numbers; in par-
ticular, in the spectra of fluctuations of velocity u' and temperature T'
there may be no inertial and inertial-convective scale intervals. An

9
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experimental investigation of the statistical characteristics of such un-
developed turbulence and the dependence of these characteristics on the
local parameters of medium stratification was undertaken on the 19th voy-
age of the scientific research ship "Dmitriy Mendeleyev'" [1].

- In the Philippine Sea measurements were made of the microstructure of the

fields of current velocity, conductivity of sea water and the fine struc-

ture of the temperature field from the surface to a depth of 300 m using

a probe fabricated in the Special Design Bureau of Oceanological Equipment

(SDB OT) of the Institute of Oceanology imeni P. P. Shirshov USSR Academy

of Sciences. The probe was supplied with an electromagnetic sensor of velo-

city fluctuations u', a hydroresistor sensor of conductivity fluctuations

Cr', a thermistor sensor for mean temperature T with a time constant of

0.3 sec, a standard pressure sensor DDV-100 and a sensor of vibrational ac~

celerations. The level of the inherent noise in the velocity fluctuations

channel was 0.08 cm-sec™l, for the conductivity channel —- 3.4.10"7 ohm—1:

em~l. A reciprocal analysis of the vibration signal with the u' and ' sig-

nals indicated absence of an appreciable influence of vibration of the meas—

uring line on the readings of the velocity and conductivity fluctuation

_ sensors. The measurements were made from a drifting ship in a vertical sound-
ing regime -- with a mean velocity of movement of the probe 1.4 m.sec—l.
Below we present an analysis of the data obtained as a result of four suc-
cessive soundings carried out with an interval of 12 minutes between them.

The mean hydrological conditions in the measurement region were character-
jized by the presence of an upper mixed layer to a depth of 70 m. In the
thermocline (70-300 m) the mean temperature gradient Tz was 0.07°C-m~1 and
in the vertical distribution of salinity there was a maximum at a depth of
150 m; the salinity gradient Sz in the layer from 70 to 150 m was 0.006°/o0*
w1, and in the layer from 150 to 300 m —- 0.004°/0o.m~1, The mean density
gradient £, gradually increased with depth and attained maximum values sz
= 2.6-10"5 gecm~ 3.1l in the layer from 100 to 200 m.

A distinguishing characteristic of the vertical profiles of microstructure
of the investigated fields was their reproducibility, in general, with re-
peated soundings. In the upper mixed layer, except for the surface layer
with a thickness of 10-15 m in individual soundings, the magnitude of the
(F' fluctuations was considerably less than in the thermocline, where, how-
erer, in quasi-isothermic layers there was also a marked decrease in the
intensity of conductivity fluctuations. The standard deviation of fluctua-
tions of current velocity, whose maximum was in the surface layer and which
is evidently attributable to the influence of wind mixing, in the thermo-
cline had values not exceeding 0.2 cmesec™l. Due to the weak intensity of

- current velocity fluctuations in the thermocline (the u' signal level did

. not greatly exceed the level of the inherent noise in the measuring chan-

nel) a spectral analysis of the u' signal was not of great interest.

- The spectral densities of conductivity fluctuations Eo (k) were computed us-—

ing individual quasi-homogeneous segments of the O'(z) record in the ther-
mocline. Figure 1 shows examples of typical spectral curves E (k) in the

10
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e wy | £Pq 32 <3| of3 = | 32|
1,1 116-146 | 7,0 | 1,4 | 1,0 3,31 4,81 3,2 | 8,3 18 7,610,78
i,2 153-183 | 9,0 1,9 | 0,7 2,71 3,913,317,6 14 6,81(1,2 -
1,3 196-230 ; 6,0 1,4 1,6 45| 65| 3,7 | 6,2 32 5,310,29
1,4 254-272 | 5,2 1,4 1,2 6,0 86| 4,31 7,1 35 6,2 10,39
2,1 100-124 | 5,9 1,7 1.2 79111,0] 5,4 | 6,6 25 6,5 | 0,40
2,2 128-154 | 6,5 1,7 | 2,7 4,71 6,71 4,1 7,6 32 6,910,25
2,3 156-183 | 8,6 2,2 1,6 3,6 5,0 4,1 7,1 22 6,4 | 0,49
2,4 185-218 | 6,9 1.6 1,8 52| 7,4 4,21 6,6 32 5,5 10,27
2,6 | 220-258 | 4,0 1,8 13,013 19,01 7,21 6,6 62 6,3 10,12
2,6 262-290 | 3,6 1,6 1,8 | 14 21,0 7,1 6,6 52 5,910,117 _
3,1 107-136 | 7,5 1.5 1,2 3,21 4,5/ 3,2 5,9 19 5,410,49
3,2 146-170 | 8,9 1,8 1,0 261( 3,713,2| 5,9 16 5,3 10,71
3,3 177-204 | 7,3 1,8 1,5 40| 561 3,9 | 5,9 25 4,9 0,35
3,4 209-237 5,0 1,4 1,5 6,4 9,21 4,4 5,9 37 4,910,24
3,6 255-280 | 4,5 1,9 1 2,0 |11 15,0 6,6 5,5 50 4,710,16
4,1 117-140 | 8,0 1,6 | 2,1 2,91 4,11 3,2 7,1 24 12,1 0,69
4,2 187-216 | 8,7 2,0 1,1 3.2 4,6 3,8 7,1 20 6,410,70
4,3 224-254 | 5,9 1,4 1.0 6,3 90| 431} 7,1 §l 5,910,45
4,4 263-291 | 3,6 | 1,5 | 1,9 [ I3 19,0 6,6 | 6,2 [ 38 6,3]0,i8

KEY: .
1. Number of sounding and reading
2. ... sec”
3. ... cal-cm2.sec-1

thermocline. The depth intervals for which the E o (k) spectra were computed
and the mean values of the temperature gradients within these layers are
given in the table. A distinguishing characteristic of all the Eo (k) spec-
tral curves is a marked change in the steepness of dropoff of the spectra
with an increase in wave number at scales A#7 cm. In the range of scales
frem 70 to 7 cm the slope of the approximating straight lines to the x-axis
at a logarithnic scale is close to -3, and when A<7 cm -- to -1. There is
no sector of wave numbers in which E g (k) is proportional to k~°/3, We note
that in the measurements by Gregg [2], made in different regions of the
Pacific Ocean, the slope of the spectra of temperature fluctuations ET (k)
in the range of wave numbers which we considered in individual cases also
changed from -3 to -1, but this change in slope occurred, as a rule, at
scales of several tens of centimeters. Henceforth, neglecting the contrib-
ution of salinity fluctuations to conductivity fluctuations, that is, as-
suming that the conductivity fluctuations are caused only by temperature
fluctuations, we will interpret the E. (k) spectra as the spectra of tem—

perature fluctuations E(k), scaled in appropriate fashion into units °C2-
cm.

The existence of a range of scales where ET(k)Nk"l in the E7(k) spectra in
the region of large wave numbers can mean that turbulent fluctuations in

the thermocline with scales A< 7 cm were in a viscoconvective interval
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regime, for which, in accordance with [3],
E. (k) =Peer(v/e) " k™", (1)

where the universal constant ﬁB;tZ [4]; € 1s the rate of dissipation of
turbulent energy; Er is the rate of evening-out of temperature inhomogen-
EiEies; Vv is the kinematic coefficient of molecular viscosity (v= 0.01
cméesec™l). With known €r values, using expression (1) it is possible to
determine the & value. The &7 value was estimated using the formula Er =
6X(IT'/2 z)z, where X is the coefficient of molecular thermal conductiv-
ity (Y= 1.4-10-3cm2.sec~l); the line at the top denotes the averaging oper-
- ation, The computed € and Evalues are given in the table. The mean Er

value for four soundings and the standard deviation of individual £7 values

from the mean s¢ p were 1,7:107° and 0.2-107° °C .sec~l respectivelg. For

£ the corresponding ¢ and sy values were 1.6:10~3 and 0.6+10~3cmZ-sec™3,

Then we estimated the values of an important parameter of microstructure of
the temperature field in the thermocline -- the Cox number C = (9 T'/J z)2
/(3 T/ z)2, which characterizes the degree of "microstructural activity"

of the temperature field, and in the absence of advective processes -— also
the coefficient of turbulent heat exchange Kt = XC [5]. The author of [2]
obtained estimates of the Cox number C using data from measurements of
microstructure of the temperature field in the main thermocline in three dif-
ferent regions of the Pacific Ocean and during different seasons. The range
of C change in [2] is (1-240). The mean value and mean square scatter of in-
dividual C values according to our data are 6.2 and 3.8 respectively. Taking
into account that the investigated ranges of scales of microstructure of the
temperature field in both cases are approximately identical, the conclusion
can be drawn that the C and Ky values cited in the table evidently indicate
B a weakness of turbulent mixing in the thermocline in the observation region.
The vertical heat flow can be computed using the formula Q = cppKT,, where
cp is the specific heat capacity at constant pressure; £ is the density of
sea water. In the computations it was assumed that cp = 0,93 cal-g’l-de—
gree”l, Estimates of Q (see table) vary from 3.2-10"g to 7.2+1076 cal-cm—2.
sec‘l, that is, the turbulent heat flow in the thermocline in our case var-
ied with depth in a relatively small range.

It should be remembered that since in the considered range of scales the
dissipation spectra kZET(k) do not attain maxima, the determined estimates
of the rate of evening-out of the temperature inhomogeneities, and accord-
ingly, the rate of dissipation of turbulent energy and the Cox number, can
be regarded only as lower estimates of the corresponding values.

The marked change in the slope of the ET(k) spectral curves in the consider-
ed range of scales can be caused by the generation of inhomogeneities in the
- thermocline with vertical scales ls close to the scales at which there is

a "bend" in the ET(k) spectra. In this case the ls scale must be regarded
as the local external scaleof turbulence 10. We note that the influence of

12
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Fig. 1. Spectral densities of fluctuations of conductivity in thermocline:
_ in layer 117-140 m (1), 187-216 m (2), 224-254 m (3), 263-291 m (4).

buoyancy forces is not reflected in this case in the regime of turbulent
fluctuations. In actuality, fluctuations with the scales A are under the
influence ?f buoyancy forces if A> Lx0 = (& /N3)1/2, where N = [(g/p)

(dp/dz)] is the Vaisdla frequency, computed in our case from the tem
perature gradients in the conmsidered layers on the assumption of smallness

13
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of the contribution of the salinity gradient to the density gradient. The
values of the buoyancy scale Lg" vary from 14 to 60 cm (see table) and
accordingly exceed the 20 values. The statistical regime of fluctuations
of the temperature field with scales A > o» characterized by the spectrum
E (k)n'k’3, is evidently formed under the influence of internal waves
which were discovered in the thermocline during the course of the experi-
ments [6]. However, the generation of microstructural temperature inhomo-
geneities with scales of about § , could be caused by the appearance of
wave~eddy turbulence in the thermocline [7], As follows from visual ob-
servations of the destruction of short internal waves in density layers,
the scale of the eddies } eddy generated in this case is approximately an
order of magnitude less than the amplitude A of the initial wave. The
characteristic values for A and Q'eddy in [7] were close to 1 m and 10

cm respectively. The scale 10 = Yg=7 cm, in which a "bend" of the
Er(k) spectra is observed, has values close to leddy» which makes it pos-
sible to postulate the generation of microstructural inhomogeneities of
the temperature field by wave-eddy turbulence in the considered case.

Assuming QO to be the local external turbulence scale and knowing the dis-
persion of current velocity fluctuations b = sy“» it is possible to deter-
nmine the coefficient of turbulent exchange of momentum Ky = ,ﬁofg. As a
result of the low level of the u' signal the estimates obtained for Ky
(see table) must be regarded as upward estimates since the minimum values
of the intensity of current velocity fluctuations b are determined by the
apparatus noise level. The ratio of the coefficients of turbulent heat
exchange and exchange of momentum o = K7/K, is considerably less than
unity and varies in a rather wide range from 0,34:10-2 to 3.56-1072, It

is known that with an increase in stability, characterized by the local
Richardson number Ri = N2/Uz2, where Uz is the mean vertical gradient of
current velocity, the Kp/K ratio has a tendency to a decrease. The auth-
or of [8] proposed the fol%owing formula for describing the dependence

o (Ri) in the stratified boundary layer with a constancy of the fluxes of
heat and momentum:

a=a,(1—RI/Rf,)/ (1-RE)?, (2

[KP = cr] where ¥ is the & value with a stratification close to neutral;
Rf =XRi is the dynamic Richardson number and Rfcy is its critical value,
that is, with Rf< Rfer the turbulence is nonattenuating. The values of the
local Richardson number Ri were computed using the formula Ri = Rf/oc,
whereas the Rf value was determined from the equations for the balance of
turbulent energy and the intensity of temperature fluctuations for sta-
tionary, horizontally homogeneous turbulence [9]:

315
Rf=m—10—
eT.+epRip~t ' 3

where ﬁ is the buoyancy parameter, equal to ga; g is the acceleration of
gravity; a is the coefficient of thermal expansion of sea water. In comput~
ations using formula (3) the Rfcr value was assumed equal to 0.05 [10].

14
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The estimates of the local Richardson number are given in the table. The
maximum value Ri = 1.2 was noted during the first sounding in the depth
range 153-183 m. In the layer 250-290 m the Ri value in three out of four
cases was less than the critical value Rigy = 0.25 for a steady plane-par-
allel flow, which in principle could lead to the development of hydrody-
namic instability in this layer.

We note that parallel with microstructural measurements in the layer 250-
290 m we carried out measurements of current velocity relative to the
drifting vessel using the Doppler effect accompanying the scattering of
ultrasound [11]; these made it possible to obtain direct estimates of the
vertical gradients of current velocity U,. The local Richardson numbers
computed using these data for the depth range 250-290 m were equal to 0.20-
0.38, which is in good agreement with the Ri estimates cited in the table
for the considered layer. Therefore, the Ri estimates obtained using the
formula Ri = Rf/0 and expressions (3), in our opinion, are entirely rep-
resentative and make 1t possible tc examine the dependence between indi-
vidual statistical characteristics of turbulence and the Richardson num-
ber.

0 Ri Ri
0 1 Lol 1 t TR S R S A0 B
Y =] 0 ! a
0 10 10 10

Fig. 2. (left) Dependence of the Cox number on the local Richardson number.
Fig. 3. (right) Dependence of the ratio of the coefficients of turbulent
exchange of heat and momentum on the Richardson gradient number.

Figure 2, on a logarithmic scale, shows a graph of change in the Cox number
C as a function of the local Richardson number. The experimental points can
be approximated by the linear function 1g C = 1g A -~ n 1g Ri, where A and n
are some constants. The correlation coefficient between 1lg C and 1lg Ri was
equal to -0.87 and the A and n values were equal to 2.5 and 0.8 respective~
ly; for the slope n the 95% confidence interval is equal to 0.6-1.0. Thus,
in the considered range of change in the Richardson number the dependence
of the Cox number C on Ri can be represented by the formula

C=2,5Ri~"".
15
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In conclusion we will discuss the important problem of the dependence of
the ratio of the coefficients of turbulent exchange & = Kp/Ky on the
Richardson gradient number. The curve of the dependence o¢ (Ri) in [10]
computed on the basis of formula (2) for &y = 1 and Rf., = 0.05, with
Ri2 0.2, can be approximated by the hyperbolic curve o« = ClRi_l (Cy is

a constant). The values of the parameters o/, and Rf., were selected in
[10] from the condition that the curve of the dependence o (Ri) best cor-
responded to the available empirical data, obtained for the most part un-
der laboratory conditions. Figure 3, in logarithmic coordinates, repre-
sents the experimental data on & (Ri), which in the entire considered range
of change in the gradient Richardson number 0,12 Ri< 1.2 are described
well by the dependence o ~Ri~l. According to our data, the value of the
proportionality factor was somewhat less than in [10]. It is known that
the wave movements arising in the stratified medium ensure, by means of
pressure forces, a transfer of the momentum almost without a transfer of
heat, so that in the absence of turbulence the & values can be consider-
ably less than unity. The nature of the dependence of the ratio of the
coefficients of turbulent exchange on the stratification parameters in
Fig. 3, in our opinion, can be related to the weak intensity of turbulence
in the thermocline and the predominant influence cf internal waves here
on the statistical regime of small-scale fluctuations of hydrophysical
fields.

We take the opportunity to express appreciation to specialists of the SDB
OT headed by V. I. Fedonov and V. A. Kolesov, ensuring the carrying out

of microstructural measurements, and V. Ya. Kogan, a specialist of the
Pacific Ocean Institute Far Eastern Scientific Center USSR Academy of Sci-
ences, who had the kindness to supply measurement data on the vertical
flow velocity profile,
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INVESTIGATION OF THE SURFACE LAYER OF EVAPORATING SEA WATER BY THE
OPTICAL INTERFEROMETRY MF.[HOD

Moscow IZVESTIYA AKADEMII NAUK SSSR, FIZIKA ATMOSFERY I OKEANA in Russian
Vol 15, No 10, 1979 pp 1067-1075

[Article by K. N. Fedorov, V. L. Vlasov, A. K. Ambrosimov and A. I. Ginz-
burg, Institute of Oceanology, submitted for publication 21 July 1978,
resubmitted after corrections 22 December 1978]

Abstract: This paper presents the results of
direct optical-interferometer measurements
of the vertical profiles of density and tem—
perature in a thin surface layer of sea and
distilled water under conditions of evapora-
tion and cooling from the free surface. The
vertical salinity profiles computed from
these profiles for the first time give a fac-
tual idea concerning the salinity increase
A'S and its vertical distribution in the
boundary layer of sea water during evapora-
tion. The form of these profiles and the
thickness of the layer of increased salin-
ity determined from them and the magnitude
of the increased salinity at the surface co-
incide well with the theoretical estimates.
The article gives a detailed description of
the laboratory apparatus used, whose prin-
cipal component is a laser photoelectric in-
terferometer. The measurement method is dis-
cussed.

%

[Text] 1. Introduction. Until very recently investigations of the structure
and convective instability of the boundary layer in sea water at the free
surface have met with an insuperable difficulty, associated with the impos~
sibility of measuring its increased salinity by contact methods, this in-
creased salinity resulting from evaporation AS as a result of the exceed—
ingly small thickness of this layer. Although the patterns of cooling and
convective instability, and also the structure of the boundary layer in
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fresh water at the present time have been adequately well studied [1, 21,
the problem of to what degree the patterns of development of convection

in fresh water can be applied to saline water and what might be the con-
tribution of salinity to the overall convective instability of the thermo-
haline boundary laver still remains unclear. Only recently the first plaus-
ible conclusions were drawn concerning the contributions of cooling and in-
creased salinity to instability of the boundary layer under different con-
ditions and the first realistic estimates «f AS for sea water were ob-
tained [3]. The basis for these conclusions and the estimates of AS was
laboratory measurements of the temperature profiles and the frequency of
thermals in sea water, and also extrapolation of the physical patterns of
development of convection in fresh water to the case of sea (saline) water.
However, the necessity for direct measurements of A S did not thereby dis-
appear, but on the contrary, became still more essential, if for no other
reason than that the conclusions drawn and the estimates might be confirmed
or refuted. It was decided to have recourse to the optical interferometry
method, which, in our opinion, at the present time is the sole method
capable of ensuring a spatial resolution close to that desired without the
introduction of any perturbations in the structure of the investigated
layer. Below we give a description of the laboratory apparatus used and
present the results of this experiment.

2. Laboratory apparatus and measurement method. A block diagram of the lab-
oratory apparatus for investigating the fine structure of the surface layer
of water by the optical interferometry method is shown in Fig. 1. The appar-
atus is based on the submersible laser photoelectric interferometer develop-
ed at the Institute of Oceanology USSR Academy of Sciences, intended for
direct in situ measurement of the thin vertical structure and turbulent
fluctuations of the density of sea water in the ocean. In the laboratory
apparatus a parallel beam of light, emanating from the interferometer,
passes through the investigated fluid, situated in a cell whose end walls
are plane-parallel windows of optical glass, polished to the 1l4th accuracy
class. The dimensions of the cell (20 x 60 x 200 mm) were selected in ac-
cordance with the design peculiarities of the submersible interferometer,
taking into account the high response of the instrument to the investigated
- effects. Due to the existing size restrictions it was not possible to ensure
fully the heat insulation of the walls, which in this stage of the experi-
ment made impossible a precise quantitative estimate of the heat flow
through the free surface of the water cooling in the cell.

By means of photomultiplier diaphragms with a diameter of ~ 0,5 mm, light
rays were "cut" from the parallel light beam. One of these rays passed
directly through the investigated fluid, whereas another passed through a
hollow metal tube with a diameter of 2 mm, filled with air, built in her-
metically into the cell between its optical windows.

- These light rays, interfering with the reference light beam in the interfer-
ometer, form the measurement and reference systems of interference bands
respectively. In Fig., 1 these rays, for clarity, are shown one above the
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other, whereas in the apparatus they are both in the same horizontal plane,

Fig. 1. Block diagram of apparatus for investigating the surface film by

the optical-interference method (a) and schematic appearance of the meas-—

urement cell and two systems of interference bands (b): 1) submersible

laser photoelectric interferometer; 2, 3) 1/3-octave filters (TOA-III); &)

analog measuring device; 5) digital reversing device; 6) S1-49 oscillograph;

- 7) N-327 automatic recorder; 8) KSP-4 autometic recorder; 9, 12) measuring
cell; 10) interference mirrors; 11) tube with air; 13) light beam; 14) lst
and 2d photomultiplier diaphragms; 15) water meniscus; 16, 17) measurement
and reference systems of interference bands respectively; 18) terminals

The reference system of interference bands was introduced for increasing
noise immunity and accordingly the accuracy of dynamic optical-interference
measurements under conditions of ordinary, nonthermostated and not vibroin-
sulated laboratory rooms [4, 5]. Due to the influence of destabilizing fac-
tors, measurements under such conditions until now have been completely im-
possible even in a static regime.

The reference and measuring systems of interference bands were organized in
the apparatus in such a way that the destabilizing factors (for example,

temperature and vibration fluctuations) cause an identical drift and
20
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fluctuations in both systems, but the useful effect is reflected only in
their relative shift,

The relative shift between the measuring and reference systems of interfer-
ence bands is directly proportional to the changes in the refractive index
(density) of the investigated fluid caused by changes in its temperature T
or salinity S, The optical difference in the paths between the first and
second rays Az is associated with changes in the refractive indices of
water An(AT, AS) and air An'(AT) and the value of the relative shift
of interference bands & by the expression

Az=I[An (AT, AS)—An"(AT)|=(A/2)a, (1)

where 1 is the geometrical length of the path of a parallel light beam,
equal to the distance befween the windows in the cell; A is the length
of the light wave, in our case equal to 0.6328}Lm.

Since for air the coefficient dn'/dT = -9-10~7 degree'l, that is, more than
two orders of magnitude less than the corresponding coefficients for water
dn/dT = -12.1:10-5 degree-l and dn/dS = 18.2.10~3 1°/00, the second term in
expression (1) (with an error less than 1%) can be neglected and expression
(1) assumes the form:

2)
Az=IAn(AT, AS) =(M/2)a,

An(AT, AS)=(M/20)c.

hence

(3)

As follows from (3), the accuracy in measuring the relative changes in the
refractive index An(AT, AS) and accordingly the changes in salinity A S
and temperature AT with a given length of the measurement base b will be
determined only by the accuracy in measuring the relative shift &« of the
interference bands.

Until recently the relative shift of the interference bands was determined
by subjective visual methods (and only in a static regime) with an accuracy
of approximately 1/20 the interference band [6]. In the described apparatus
for the first time use was made of the noise-immune photoelectric method
for measuring the relative shift of the interference bands (in static and
dynamic regimes) proposed by one of the authors [7]. A modification of this
method [8] made it possible to realize, as was indicated by experimental-
theoretical investigations [4,5] in ordinary laboratory rooms, an accuracy
not worse than 0.005 of the interference band. This modification involves

a scanning of the interference pattern in conformity to a linear sawtcoth
law with a rigorously determined amplitude and measurement of the phase
difference of the first harmonics of the photocurrent, proportional to the
sought-for relative shift of the interference bands.

21
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We note that the mentioned increase in accuracy and noise immunity of op-
tical-interference measurements is of general interest for different fields
of science and technology in which it is necessary to make measurements of
small changes in physical parameters: concentrations of solutions in molec~
ular physics [9], shock waves with flow around bodies in gas dynamics [10],
the refractive index and density of sea water in oceanology [11], etc.

It follows from formulas (2), (3), with the values dn/dT and dn/dS taken
into account, that in our case with L = 2 cm and an error in determining

& of about 0.005 the minimum errors in measuring An, AT and AS could

be 0.8-10-7, 7.5-10"% °C and 4-10" respectively. In actuality, the accuracy
realized in our apparatus is determined by the response of the recording ap-
paratus used. For the reversing digital recording apparatus it is equal to
0.1 of the band, whereas for the analog measuring device it is not worse
than 0.025 of the band. Accordingly, the use of a reversing digital record-
ing ugit gives for An, AT and AS accuracies of 1.6-10-0, 1.5:10~2 °C and
8-107° ©/oo, whereas the corresponding values for the analog measuring de-
vice are 4:1077, 4:10~3 °C and 2-10~3 9/go respectively.

The reversing digital recording unit is intended for measuring the values
of the whole and fractional part of the relative shift of the interference

_ bands (of any sign), whereas the analog measuring unit is for measuring only
the fractional part of the shift in the limits of one band. In this case in
ti.c digital unit there is an automatic return to zero with a shift each ten
bands, and in the analog unit -- with a shift by one band. The measuring
svstem contains an oscillograph (Fig. 1,a) for visual monitoring of the am
plitude and phase shift of the signals from a lLisssajou figure.

The method for measuring the profiles of the refractive index and density
in the surface layer was as follows. Using three adjusting screws (Fig. 1,
a) the fluid surface in the cell was set parallel to the light beam emanat-
ing from the interferometer. Small clamps rere used in selccting the neces-
sary rates of inflow and outflow of fluid from the cell. Then the entry
and exit tubes were closed by two clamps. At the time that the measurements
began the clamp was removed from the release line and the fluid level dropp-
ed at a stipulated rate. In this process the surface layer moved relative
to the light ray and there was registry of the profile of the refractive
index corresponding to the movement of the light ray through the layer in
an upward direction. With emergence of the ray from the water into the air,
which was noted from the disappearance of the electric signal on the oscil-
lograph (see below), the exit tube was closed by a clamp and the clamp was

- removed from the entry tube. The fluid level again increased and this cor-

i responded to registry of the profile with movement of the ray in a downward
direction.

The relative changes in density Ap of distilled and saline (35°/00) water,
and also the temperature of the distilled water in the surface layer, were
determined by means of scaling of the measured values of relative changes
in the refractive indices of saline AnS(AT, AS) and distilled AnO(AT)
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water using the following working formulas:

ye
(ll'po)Ap(AT)=2,75An°(AT), (4)
(1/ps) Ap{AT, AS)=264Ans(AT, AS), (4a)
AT=An,(AT)/(dn/dT) | . (5)
(dn/dT) |z, =—10-"[12,1—0,36(30~T,) ], rpan~'. (degree~1) (6)

llere Tg is the mean temperature of the distilled water below the "surface
film" (at the measurement time). Formulas (4) were derived by differentia-
tion of the well-known Lorentz-Lorenz formula (which is correct on the as-
sumption of small, not greater than 10‘2—10‘% changes An and Ap) and the
assumption of the values ng = 1.33, ng = 1.34 (Pp=1 g/cm?) in them. The
correctness of formula (5) with small An and AT is obvious. Formula (6)
was derived by us by interpolation of tabulated values of the refractive
index of distilled water in the interval 20-30°C; these values were given
only each 5°C [12].

The salinity profile in the surface water layer (S®*35°/00) was determined
by subtraction of the profiles of change in the refractive index of dis-
tilled and saline water, measured under one and the same conditions (with
- identical air humidity and an identical temperature difference between the
water and air). The working formula for the computations has the form:
dns /dT ITS] dns

dno1dTr, 3 05|
(dns/dT) |r,=—10-*[13—0,24(30-T5) ], rpap”", (degree~1) (&

(dng/ds) lTs = 18.2-1079(°/00)"1 with S#35%/00 and Tg = 20-30°C. Here Tg
is the mean temperature of saline water below the "surface film" (at the
time of measurement).

AS = [Ans(AT. AS) — An, (AT) 2

The principal assumption made in the derivation of formula (7) is that there
is presumed to be an identity of the temperature profiles in distilled and
saline water with one and the same external conditions of heat and mass ex-
change. As indicated by the experimental data in [3], this assumption is
correct in the above-mentioned temperature range. In the derivation of for-
mula (7) no approximations of a mathematical nature were made.

Now we will discuss the problem of the minimum distance from the water sur-

face at which there can still be measurements by the optical interference

method and also the problem of integration (averaging) of the measured val-

ues of the linear profile due to the finite thickness of the light ray, es-

pecially with its emergence at the water and air discontinuity. Figure 1,b

- schematically shows the moment of emergence of the light ray at the discon-
tinuity between the water and the air and the interference pattern observed
in this case. In the upper part of the circular photomultiplier diaphragm,
which corresponds to the passage of part of the light ray in the air, inter-
ference bands are absent. This occurs due to the appearance of an additional
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wedge of the optical difference which will then be obscrved in the water
meniscuses, changing the interferometer adjustment. The photomultiplier
in this case reacts to that part of the variable light flux of the modul-
ated pattern which no longer originates from the entire diaphragm but only
from that segment of the diaphragm where the interference bands still re-
main. As a result, the signal amplitude in the measurement channel gradual-
ly drops, which in every case was observed directly on the oscillograph
froin the Lisssajou figure. Then comes a momernt when it falls into the zone
of nonresponse of the digital reversing and analog measuring devices which
we developed. The amplitude dynamic range in which there is still no addi-
tional error in measuring the difference in signal phases (that is, relative
to the shift of the interference bands) is not less than 50 db, that is,
about 1/300 of the maximum signal strength. Since in adjusting the inter-
- ferometer it was not always possible to obtain a maximum signal strength,
we will use a dynamic range which is an order of magnitude less (that is,
1/30). And since the signal amplitude is proportional to the light flux,
which in turn is proportional to the area of the photomultiplier diaphragm
segment in which the interference bands are still present, the height of
- the segment, whose area is 30 times less than the area of the entire dia-
phragm, is approximately 0.1 of its diameter. Thus, the minimum distance
from the water surface at which it is still possible to make measurements
by the optical-interference method does not exceed 0.05 mm.

The fundamental advantages of dynamic measurements using a light ray, for
example, the temperature profiles, in comparison with ordinary measurements
with miniature temperature sensors, are an absence of distortions of the
tamperature profile due to: a) inertia of heat exchange between the sensing
clement and the medium, b) heat exchange between the sensing element and
its holder, having another temperature, c) different heat exchange hetween
the parts of the sensing element and accordingly between the water and

air with arrival of the sensor at the discontinuity between them.

14 p-q,az-lo'f 2 oM’ g/ cm3

0 A
At 58:15°

“A

Z, MM

Fig. 2. Profile of measurement of the refractive index (density) in the boun-
- dary layer in fresh water, demonstrating distortion in the uppermost part due
to averaging over the area of the light ray section.

Now we will examine the qualitative picture of averaging of the measured lin-

car segment of a profile by a ray of finite thickness, especially this aver-
aging with emergence of the ray at the water-air discontinuity. For this
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purpose we will visualize a narrow vertical slit diaphragm of the photomul~

tiplier with the height 2R and a corresponding light ray. Assume that part
- of this ray emerged from the discontinuity between the water and air at the
height Az. Then on the basis of the Integral mean theorem, the coordinate
20 of the measured value of the refractive Index with a linearity of the
An(z) profile no longer will correspond to the center of the diaphragm, and
is equal to zg = R -Az/2. Thus, we see that with emergence of the ray from
the water-air discentinuity its movement by Az corresponds to a change in
the measurement coordinate by A z/2. In other words, from the moment of
contact of the ray with the surface the equivaleut velocity of vertical
movement of the light ray decreases in a jump by a Jactor of 2. However,
since in the case of a circular diaphragm the averagiung occurs in all the
- vertical planes of the segment, that is, over its area, the change in velo-
- city does not occur in a jump, but smoothly, beginning with the distance
between the ray axis and the water surface, cqual to the radius (0.25 mm
in our case). This velocity change leads to a nonlinear bend in the profile
at the end of measurement at the surface itself. The mentioned phenomenon
was repeatedly observed in an experiment with an extended record of the pro-
files obtained using an N-327 high-speed automatic recorder from the analog
measuremcnt unit. Figure 2 shows the profile registered near the surface;
it is easy to see the mentioned phenomenon. We note that this phenomenon
should be observed when making measurements with any sensor of finite dimen-
- sions.

= 3. Measurement results. We obtained about 100 records of profiles of the re-
fractive index in fresh and sea water (S=® 35°/00) with different values of
the heat flow through the water-air discontinuity. Figure 3, incorporating
the results of all measurements taken together, shows the dependence of the
values A“’z=0 for fresh and sea water for different values of the tempera-
ture difference between the water and air, both positive and negative. Along
the x-axis we have also given the approximate values of the total heat flow
through the water-air discontinuity, computed from the vertical temperature
gradients in the linear segments of the registered profiles. The scatter of
points observed in Fig. 3 in part has a random character caused by the non-
stationary nature of the observed profiles and the passage of thermals.

- However, a systematic discrepancy is discovered: all the points for sea
water lie somewhat above the points for distilled water, which is evidence
of an additional contribution of increased salinity to the increase in den-
sity of the thin surface layer.

The graph in Fig. 3 confirms that with some negative difference in the tem-
peratures between the water and air the "cold" film disappears and is re-
placed by a warm film in which the density of the surface layer must be de-
creased, This comes about in a case when the effect of contact heat ex-
change exceeds the total effect of increased salinity and the heat loss on
evaporation. In this case in the fresh water there is a general increase

in density with depth, corresponding qualitatively to the earlier recorded
temperature change in the surface layer with a "warm" film [13]. In sea
water, as a result of increased salinity due to evaporation it is possible
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to expect an inversion change in density in the very thin surface layer
against a background of this general increase in density with depth. Meas-
urements of the An(z) profile in saline water for the time being have not
yet been made in the presence of a warm film.
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Fig, 3. Dependence of change in the refractive index (density) in the sur-
face layer on the temperature difference between water Tw and air Ta. For
greater clarity, at the bottom we have given the scale of sample values of

the heat flow through the water-air discontinuity: 1) fresh water, 2) sea
water (S#® 35°/00).

Figure 4 shows examples of the profiles of change in the refractive index
ng (density £Pg) in sea water (denoted by the figure 1) under "cold"
film conditions registered in three experiments. Using these profiles, on
the basis of formulas (7) and (8) it was possible to obtain the profiles
of increased salinity AS(z) shown in these same figures for the surface

layer of sea water (denoted by the figure 3). The vertical profiles of
temperature decrease AT(z) (denoted by the figure 2) were obtained by
measuring the refractive index (density) in distilled water under the
very same conditions as in sea water. The profile Ang(z) (or Apg(z)) in
Fig. 4 corresponds to the total heat flow q through the water-air discon-
tinuity of about 0,15 cal/cm?min at a water temperature of 27.2°C, With
respect to its form and parameters this profile is very similar to the
theoretically obtained profile 4pg(z) for close conditions (Ty = 30°, S =
35%/00, q = 0.2 cal/cmZmin) [3]. The value AS#0.159/00 obtained in an
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experiment is also close. A corresponding theoretical estimate for more in-
tensive conditions of heat and mass exchange gives A S§%0.32°/0o. Measure-
ments also show that the layer of increased salinity is considerably thinner
than the cooled layer. In Fig. 4,b increased salinity is conspicuous only in
a surface layer with a thickness not greater than 1 mm. Source [3] gives a
theoretical estimate of the measure of thickness of this iayer of about

0.3-0.5 mm.
q a,1 AS,“/-» .
0 41 0z 03 o4 0547 )
] T T 3 4 Ap‘.snu,a.z-w;’:/m3 g/cm3
oF: ang=1,56-10"°
2 a a
. ]
K 0 0,1 45,%o
r t o
- 6H 0 a1 0,2 AT,°C )
7 =7 " 7 speuizle/n’  glemd
; L e g Angx1,58-10°°
Zum 5|
ulb b
6F 0,1 45,%e
T ) T 3
| 4g,147,°C . m
: 8 oL " Apex4,32:10 i@[cn’s, gle
r —2 o
Z,Mm 7 ang*1,50:10
2k
= 4+ c
B} 6
Z,Mm

Fig. 4. Lxample of vertical profiles in experiment with AT ,3>0 (a, b) and
with ATy, = -1°C (c): 1) Ang(z) or APg(z) in saline water (a -- with qa
-0.15-0.2 cal/em?min, Ty = 27.2°C), 2) AT(z) in distilled water with ap—
proximately these same values q, Ty and Ta, 3)AS(z) (the profile was com-
puted using formulas (7) and (8))., Distortions due to thermals are shown on
the profiles in Fig. 4, b and c.

The profiles in Fig. 4,b and c were distorted by "thermals" carrying the
water downward; this water was not only cooled, but had increased salinity.

Therefore, the attractive impression is created that on the profiles 11-
lustrated in these figures the layer of increased salinity extends deeper.
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The profiles in Fig, 4,c, obtained with a water temperature which was 1°C
lower than the air temperature, nevertheless have a surface layer of in-

- creased density because the total effect of increased salinity and cooling
due to evaporation considerably exceeds the effect of a decrease in den-
sity as a result of contact with the warmer air, However, the Increased
salinity in this case does not exceed 0.08°/co. We note that the measure-
ments made not only confirm well the estimates and conclusions presented
earlier in [3], but also demonstrate the extremely interesting possibilit-
ies of the optical-interference method developed by V. L. Vlasov and A. N.
Medvedev in such fine measurements, which this investigation required.
These possibilities were still not realized completely in the experiments
described above. We hope to realize them in further experiments for obtain-
ing the quantitative dependence of A S on the conditions for heat and mass
exchange at the discontinuity.

In conclusion the authors express appreciation to I. A. Filippov for develop-
ing and fabricating the cell and a number of fine attachments for the labor-
atory apparatus.
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[Article by B. A. Nelepo (Academician Ukrainian Academy of Sciences) and Yu.
M. Kuftarkov, submitted for publication 11 September 1979]

[Text] In the problem of investigating the world ocean from space one of

the timely problems, according to our concepts, is the recognition of
"images" of internal gravitational waves from infrared (IR) photographs

of its free surface. Long internal waves cause slowly changing currents in
the upper quasihomogeneous layer, as a result of which there is a change in
the thermodynamic state of the free surface, on which, in essence, the char-
acteristic thermal emission of the ocean in the IR spectral range is form-
ed. Available empirical information and theoretical concepts make it pos-
sible to discriminate the principal physical mechanisms associated with the
influence of internal waves on radiation temperature Trad-

1. The transformation of the high-frequency spectral region of surface waves

by currents in long waves exerts a significant influence on the thermal

structure of the thin (1-5 mm) cold layer at the free surface of the ocean.

It was demonstrated in [1] that the greatest contribution to the tempera-

ture drop and heat flux in the cold layer is from short capillary waves.

Thus, the effect of internal waves at the free surface of the ocean can

- be manifested, for example, in variations of the thermodynamic temperature

T through the reaction of the high-~frequency part of the spectrum of wind -
waves to the variable current induced by internal waves. In the last anal-

ysis this leads to 7,54 variations.

2. In convergence zones the velocity fields of internal waves at the free
surface accumulate surface—active substances causing changes in the optical
properties of ocean water, which results in changes in the reflection and
absorption coefficients.

Experimental investigations of the spectral reflection coefficient in the
region of wavelengths 9-12pm indicated that for sea water covered by a
petroleum film the value ogkthis coefficient is 5-10 times greater than
for the clean sea water [2]. Variations of the mentioned coefficients as
a function of the level of concentration of surface-active substances
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lead to variations of the emission coefficient € , and as a result, to a
change in the temperature Trg4.

3. Changes in the area of the free surface of the ocean scanned by an IR
radlometer are unambiguously related to variations of its mean square
slope {7[ . Transformation of the spectrum of surface waves caused by a
long internal wave [3-7] leads to variations of the mean square slope of
the free surface, which in turn exerts an influence on T rad.

The significance of the enumerated factors in the effect of internal waves
on radiation temperature of the ocean surface varies in dependence on
meteorological conditions and the degree of ocean contamination.

In the case of small slopes of the free surface of the ocean the mathe-
matical expression for temperature variations T a4 in the near-IR spec-
tral region with a sufficient accuracy can be represented by the expres-
sion ——

2 a
by = b7+ [ae + 48 VL],

- [p = rad] where K, h are universal constants, ¥ 1is the mean frequency of
the working range of the IR radiometer.

Table 1

Instrument Number of Depth, Duration, in Discreteness, Number of

series m hours minutes terms in
series
IR radiometer 1 0 7.93 0.62 772
RDT-10 2 50-60C 7.93 0.62 772
RDT-10 3 60-70 7.93 0.62 772

A
Variations in the parameters T, € and V{ 2 ynder the influence of inter-
nal waves lead to variations in radiation temperature, which creates the
possibility of indication of internal gravitational waves on the basis of
the characteristic thermal emission of the free surface of the ocean.

On the expedition of the 18th voyage of the scientific research ship "Akad-
emik Vernadskiy," carrying out investigations in the North Atlantic under
the international program "JASIN-78," an experiment was carried out whose
purpose was determination of the interrelationship between internal waves
of the seasonal thermocline and the radiation temperature of the free sur-
face. The experiment was methodologically carried out in three variants:

I -- ship at drift, II -- ship at anchor, LII -- ship in movement. Here we
briefly present the method for carrying out the experiment in variant I.

Observations of the field of internal gravitational waves were carried out
from a drifting ship using an antenna of three bundles of distributed tem-—

perature sensors (RDT sensors), spatially distributed. Two bundles were

31

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0

FOR OFFICIAL USE ONLY

lowered from the stern and tank of the vessel; the third was placed on a
buoy at a distance of 100 m from the middle of the ship, perpendicular

to its side. The bundles of sensors were formed of links of different
scales and occupied the upper quasihomogeneous layer of the ocean and the
seasonal thermocline, The distribution of sensors was as follows. The
bundle at the ship's stern consisted of seven 10-m temperature sensors
(RDT-10) and one with a length of 100 m. Three sensors (two 10 m in length
and one 50 m in length) were lowered into the ocean from the ship's tank.
The bundle situated on the buoy consisted of three pairs of sensors: 50, 25
and 10 m in length. In order to determine the drift of the vessel relative
to the water a bundle of automatic current recorders was suspended from
the stern; they occupied the upper 70-m ocean layer and consisted of five
"Disk" instruments and three BPV instruments.
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Fig. 1. Fig. 2.
This scheme for the placement of the distributed temperature sensors made
possible a detailed investigation of the vertical structure of the temper-
ature field and a determination as to whether we are dealing with a
random set of internal gravitational waves or with mesoscale turbulence.

In order to compute the mean profile of the Brent-Vaisald frequency char-

acterizing the field of internal waves measurements were carried out using
"Istok" (STD) instruments and a descending fine structure probe. Directly
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at the free surface observations were made of the microstructure of the
temperature field using a floating-up probe [8].

Measurements of the radiation temperature of the ocean surface were made
using an IR radiometer (in the range 8-12pm) with a time constant of 3

sec and a response not poorer than 0,03°C. The radiometer was mounted on
a boom at the ship's prow and was oriented vertically downward. The angle
of view of 5° ensured averaging of the radiation temperature in a circle
with a radius of 1 m. In the analysis use was made of data from an eight-

hour measurement interval during evening and nighttime -- thé most favor-
able times for observations of radiation temperature of the ocean sur-
- face.

Table 1 gives the characteristics of some series of measurements subjected
to statistical processing. Figure 1 shows the spectral densities of tem-—
perature in the thermocline (2, 3) and the radiation temperature at the
free surface of the ocean (1). All spectra in the range of time scales

- T> 10 min are characterized by a rather steep (f-3 - f-4) decrease from
the low to the high frequencies, which gives basis for postulating a wave
character of the investigated phenomenon.

An identification of wave movement can be accomplished best on the basis
of a mutual analysis of temperature fluctuations in the thermocline (ser-
ies 2 and 3). Figure 2 shows the coherence spectra ) and the phase shift
% between the corresponding series. The evaluation of coherence between
series 2-3 is very high, much greater than the significant coherence val-
ues (95% guaranteed probability). The insignificant dependence of the
phase shift on frequency and the high coherence not only confirm the wave
nature of the investigated process, but also give basis for saying that
in this case oscillations of the first mode predominate.

The degree of interrelationship between internal waves and Trad at time
scales from 10 to 40 minutes is illustrated by the coherence spectra

and phase spectra 1-2 and 1-3. If series 1,2 and 1,3 were uncorrelated,
vith a number of degrees of freedom equal to 30 the value of the coherence
evaluations (957 guaranteed probability) would not exceed the level of
random errors (0.36). The stability of the phase shift in periods from 40
to 10 minutes also indicates a correlation of the temperature fluctuations
in the thermocline and at the free surface of the ocean.

We will emphasize an important result which follows from an analysis of
the phase spectrum. The fluctuations of effective temperature in the ther-
mocline (with an accuracy to the reglstry and processing of data) are al-
most in antiphase with the radiation temperature of the free surface of
the ocean. This experimental fact merits great attention since it gives
basis for assuming that on the basis of IR photographs of the free surface
of the ocean it is possible not only to reconstruct the scales of internal
waves but also to determine convergence and divergence zones.
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We note in conclusion that at the present time there are only a few studies
(4,5] on experimental investigation (in the optical range) of internal waves
from space and from aboard a flight vehicle. The physical ideas which serv-
cd as a basis for these studies are related to transformation of the spec-
trum of surface waves in the field of a current induced by a long internal
wave. In this sense the approach to the problem of indication of internal

. waves used here has a direction in common with these investigatioms.

The authors consider it their pleasant duty to thank Academician A. M. Obu-
khov for cooperation in carrying out the experiment and discussing the

results.

lMarine Hydrophysical Institute
_ Academy of Sciences Ukrainian SSR, Sevastopol’
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EFFECT OF LIGHT SCATTERING BY SEA WATER ON OPERATION OF A
PHOTOELECTRIC SHADOW INSTRUMENT

Moscow OKEANOLOGIYA in Russian Vol 19, No 5, 1979 pp 915-918

[Article by Yu. N. Kalugin, B. F. Kel'balikhanov, E. I. Krasovskiy and
B. V. Naumov, Institute of Oceanology, submitted for publication 10 Feb~
ruary 1978]

Abstract: A study was made of the influence
of sea water scattering of the light flux
emitted by a photoelectric shadow instrument
on its readings. It is shown that the really
observed fluctuations of light scattering by
sea water and also the changes in the scatter-
ed light flux with submergence of the instru-
2 ment into the water do not cause a significant
change in the response threshold. Scattering
fluctuations of about 10~2% or more can be
registered by the instrument as a useful sig-
nal which must be taken into account in the
interpretation of the measurement results.

[Text] Photoelectric shadow instruments are used in oceanological invest-
igations for measuring fluctuations of the refractive index [2, 8]. The
most commonly used variants are lens and mirror instruments with a par-
allel path of the rays within the volume of the medium to be analyzed

{2, 5, 9]. The real media studied using this class of instruments scatter
part of the light flux transmitted through the volume to be analyzed.
Usually the extent of the volume to be analyzed is small in comparison
with the length of the free path of a photon in the investigated medium,
that is, multiple scattering is quite small and it can be assumed that
lens instruments sense the light flux scattered at small angles (relative
to the incident flux), which is usually a value 1'-10', In mirror instru-
ments, in addition to the light scattered at small angles to the incident
flux, a light flux scattered at angles 180°% Y is also incident on the
photodetector.
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The presence of a scattered light flux leads to an additional illumination
of the photodetector and an increase in the response threshold caused both
by an increase in shot noise and by fluctuations of the scattering index
which can cause the appearance of an additional signal at the instrument
output. Below we will evaluate the mentioned influence of scattering of
the light flux emitted by the instrument on the readings of the photoelec-
tric shadow instrument when it is used for measuring fiuctuations of the

refractive index [10].

The measurement of the scattering function ;3()/) in the region of small
angles involves great difficulties. In a number of studies, such as [3, 7],
experimental data are cited for the region of angles 1-10° and the values

of the function for lesser angles are extrapolated [7, 11].

Sources [4, 6] gave experimental data for the range of angles 0.1-160°, Ac-
cording to the data in these studies and [7], which gave an analysis of

the extremal functions characterizing extreme hydrooptical situations,

the scatter of really measured values of the function for an angle of 1.5°
falls in the range 0.35-10.7 m~l, whereas extrapolation to 0° leads to
values 1.04-31.7 m~l, In measurements of the functions the maximum of
spectral response of the instrument for measuring scattering was in the
green part of the spectrum. The experimental values of the scattering func-—
tion for an angle of 180° are (2.7-7.8)+-10"4 n~l, that is, the minimum is
three orders of magnitude less than the corresponding values of the func-
tion for an angle of 0°. Accordingly, the effect of scattered light on
mirror instruments for all practical purposes is determined completely by

2 the value of the scattering function at small angles. The difference in

the scattering effect on mirror and lens instruments is caused only by

double the length of the light beam path in the analyzed volume of the

mirror instrument in comparison with the lens instrument. The approxima-
tion B(6) = 3 (0°) can be used in evaluating the influence of scattering.
The results of numerous measurements of the scattering function in differ-

ent areas of the world ocean [7,4] show that the dependence 1ln 8(6) in the

region of small angles is close to linear. Therefore, in [7] the extrapol-

ation formula has the form

B8y = B°) exp 88 +cO).

For the values of the extremal functions cited in [7], B = -41.6; C‘@B,
that is B (8)= B(0°) exp & B. The error in the approximation B (8 ) =
B(0°) to the extrapolation function B (8) = B (0°) exp @ B can be eval-
uated (after expansion of the function (0) exp (BO) into a Taylor ser-

ies) by the sum of terms of the series

AB(B)® B)BO (1+g_?+§%f_":+...>

The error in the approximation is not greater than 1.1% for @< 1' and not

more than 117 for O < 10'.
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When using this approximation we assume that then the scattering index
in the angle interval O—7Y [3] is

Y
b = 2n5 P(6) sin 6406 =y2 f(0). (1)
0
The scattered light flux received by the radiation detector is
Fge = (1 - eP20)F=RY22zg B(0)F, (2)

where z(Q is the extent of the analyzed volume of the medium in the direc-
tion of the instrument optical axis, F is the light flux entering into the
analyzed volume; the approximation (2) is correct with the usually satis-
fied condition bzo<l.

In shadow instruments part of the light flux arriving in the receiver

is cut off by a blade and the photodetector receives the transmitted part
of the light flux Ftr, in the absence of optical inhomogeneities in the
medium constituting a hundredth of the incident flux (usually c = 0.02-
0.50), that is, Ftp = cF. Since the maximum attainable instrument response
threshold, governed by the shot noise, is

= i
Mehr = KFr (3

where k is a proportionality factor, i< 1/2 (the equality sign corresponds
to linear modifications of the instrument [9]), the relative increase in
the response threshold with placement of the instrument in the scattering
medium is
Wenr(Fer + Fge) = Menr(Fse) _oni B(0°) (%)
Menr (Fer) = T o :

With extremal, within the limits cited above, values of the parameters en-
tering into (4) and zp>~1 m, the relative increase in the threshold does
not exceed 3%, that is, the increase in the response threshold caused by
scattering is insignificant even with operation of the instrument in the
most turbid waters of the world ocean.

The threshold value of the fluctuations of the light flux incident on the
photodetector is
AFthr = TT/SYF, ()

where § 1s a coefficient taking into account the relative nonlinearity
of the instrument with threshold values of the input effect; for linear
modifications € = 1, Wis the instrument response threshold, usually TI=
10-2-10"% sec [9, 12].

With towing of the instrument through regions with a changing scattering

index the fluctuations of the scattered flux AFge will be registered by
the instrument under the condition A Fgc > AFthr. From this condition,
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with (2) and (5) taken into account, it is possible to find the relative
value of the fluctuations of the function AB(0°), leading to the appear-
ance of a signal at the output exceeding the threshold level.

4B m
“B(©0°) ng yizgHo°) ¢ (6)

Computations on the basis of (6), with extremal values of the above-men-
tioned parameters, shows that the instrument is capable of registering
fluctuations of the scattering index of about 0.02%, or, in absolute meas-
ure, fluctuations of the function B(0°) of about 61073 m~

Summary

1. The really observed fluctuations of light scattering by sea water and
also changes in the intensity of the scattered light flux emitted by the
instrument, with its submergence into the stratified sea water, do not
cause a significant (by more than 2-37%) "parasitic" increase in the re-
sponse threshold.

2. Fluctuations of the scattering index of about 1072% or more can be reg-
istered by the instrument; this value must be attributed to the measure-
ment error and must be taken into account in an interpretation of the re-
search results.

3. In case it is necessary to increase the instrument response range it is
necessary to take into account the considerable increase in the influ-
ence of scattering fluctuations.
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III. TERRESTRIAL GEOPHYSICS
ARTICLES ON SEISMICITY OF KIRGIZIYA

Frunze GEOLOGO-GEOFIZICHESKIYE OSOBENNOSTI I SEYSMICHNOST' TERRITORII

KIRGIZII (Geological and Geophysical Features and Seismicity of Kirgiziya)

in Russian 1978 signed to press 1 Aug 78 pp 2, 94

[Annotation and table of contents of collection of articles edited by Co
responding Member Kirgiz Academy of Sciences K. Ye. Kalmurzayev, Izdatel
stvo "Ilim," 105 pages]

[Text] In this collection of articles, for the first time for the terri-
tory of Kirgiziya, an attempt has been made to tie in the character of
the observed geophysical fields to its seismicity. The authors examine
problems relating to the deep geological structure of the Tien Shan as a
whole and its individual seismically dangerous regions and alsc the pos-
sibilities of using regime observations of changes in the magnetic field
and gas-hydrogeochemical characteristics of deep thermal waters in the
detection of earthquake precursors. The publication is intended for geo-
physicists and geologists.

r-
'-—

CONTENTS Page

Yudakhin, F. N., Molokov, V. L., "Features of the Structure of the Pre-
cambrian Basement According to Gravimetric Data and Seismicity of
the Tien Shan"

Yudakhin, F. N., Marinchenko, G. G., "Magnetic Fields and Seismicity
of the Tien Shan"

Shakirov, E. Sh., Shvartsman, Yu. G., Palamarchuk, V. K., "Features
of the Deep Structure of Northern Kirgiziya and Their Relationship
to Seismicity and Geothermy"

Shvartsman, Yu. G., Palamarchuk, V. K., "On the Problem of Studying
Relative Isostatic Anomalies in the Seismic Regionalization of the
Territory of the Kirgiz SSR"

Yerkhov, V. A., "Relationship Between Seismicity and Deep Structure of
the Northern Tien Shan"

40
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0

13

30

38

47



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0

FOR OFFICIAL USE ONLY

Page

Yudakhin, F. N,, "Comparative Geophysical Characteristics of Some In-
termontane Depressions in Northern Kirgiziya" 51

Shakirov, E. Sh., Aralbayev, A. A., Kim, L. Ye., "Results of Observa-
tions of the Magnetic Field A\ Z in the Frunze Geophysical Polygon" 62

Stoynov, T. F., Karyugin, A. I., "Conditions for Formation of the Is-
syk-Atinskoye Deposit of Nitrogen Thermae in Northern Kirgiziya and
Their Relationship to Neotectonics" 66

Lopatina, T. A., Medzhitova, Z. A., "Travel-Time Curves of Direct Re-
fracted Waves in the Regions of the Talasskaya Depression and the
Southern Margin of the Fergana Valley" 71

Lesik, O. M., Valyayeva, T. A., "Study of Dislocation Tectonics of
Mantled Areas by Geophysical Methods" 85

Aralbayev, A. A., Kabo, A. E,, Shakirov, E. Sh., "Some Geological-~Geo-
graphic Data on Seismotectonics of Frunze City Polygon" 90

COPYRIGHT: Izdatel'stvo "Ilim," 1978
{133-5303]

5303
Cs0: 1865

41
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0

FOR OFFICIAL USE ONLY

UDncC 550.34
APPARATUS, METHODS AND RESULTS OF SEISMIC OBSERVATIONS: INSTRUMENTATION
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MICHESKIYE PRIBORY (Apparatus, Methods and Results of Seismometric Ob-
servations: Seismic Instrumentation) in Russian Issue 12, 1979 signed to
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[Annotation and table of contents of collection of articles edited by Doc-
tor of Technical Sciences Ye. S. Borisevich and Doctor of Physical and
Mathematical Sciences D. P. Kirnos, "Nauka," 196 pages]

[Text] Annotation. This collection of articles includes papers devoted

to instrumental seismology relating to the development, graduation and
calibration of seismometric channels for regional observations and the
registry of strong earthquakes in the near zone. The authors have invest-
igated the reliability and accuracy of geophysical instrumentation. Meth-
ods for designing a seismograph as a complex oscillatory system are given.
The collection of articles is intended for specialists in the field of
seismology, seismometry and geophysical instrument making.
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[Annotation and table of contents from the book edited by Candidate of Tech-
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[Text] This collection of papers presents the results of investigations of
the elastic sensing elements of gravimeters, tiltmeters, gravitational grad-
jometers. Sensors of small movements are examined. The noise in gravi-iner-
tial measurements is interpreted and analyzed. This collection 1s intend-
ed for instrument specialists and also for specialists in the field of
gravi-inertial measurements, gravimetry and seismology.
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IV, ARCTIC AND ANTARCTIC RESEARCH
GEOPHYSICAL RESEARCH IN THE ARCTIC AND ANTARCTICA

Leningrad TRUDY AANII: GEOFIZICHESKIYE ISSLEDOVANIYA V ARKTIKE I ANTARKTIKE

(Transactions of the Arctic and Antarctic Scientific Research Institute:

- Geophysical Investigations in the Arctic and Antarctica) in Russian Vol
340, 1977 signed to press 4 July 1977 pp 2, 161-162

[Annotation and table of contents of collection of articles edited by Can-
didate of Physical and Mathematical Sciences A. I. 01', Gidrometeoizdat,
168 pages]

- [Text] Annotation. This collection of articles gives the results of inves-
tigations of terrestrial magnetism, the ionosphere and radio wave propaga-
tion on the basis of materials from geophysical observations in the Arctic
and in Antarctica. Also considered is the influence of the interplanetary
magnetic field on geomagnetic disturbance and circulation of the lower
layers of the earth's atmosphere. The authors discuss some spatial-temporal
regularities of the high-latitude ionosphere and also the results of com—
= putations of the rate of ion formation in the polar ionosphere. The papers
contain recommendations on the choice of antennas for apparatus used in
slant sounding of the ionosphere on ships and on the organization of short-
wave radio communication on high-latitude paths. The collection of ar-
ticles is of interest for a broad range of specialists in the fields of
geophysics, radio engineering, as well as students and graduate students
working in the above-mentioned fields.

CONTENTS Page
Foreword 3
_ Besprozvannaya, A. S., "High-Latitude Anomaly in the F2 Laver" 5

Astakhov, P. G., Besprozvannaya, A. S., Korovina, L. I., Krupitskaya,
E T. M., Chernin, K. Ye., Shalayeva, Z. K., "Model Computations of
the Rate of Ion Formation by Streams of Electrons With Different En-
ergy Spectra for Different Solar Activity Levels" 15

47

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0

FOR OFFICIAL USE ONLY

Page
Besprozvannaya, A. S., Shchuka, T. I., "Statistical Model of the Dis-
tribution of Sporadic Ionization in the E Region Using Data from
Ground Sounding" 25
- Shirochkov, A. V., "Cyclic Variations in the Probability of Appear-
ance of Eg in the Polar Caps" 34
Shumilov, O. I., Frank-Kamenetskiy, A. V., Klykov, A. I., "Mechanism
of the Westerly Drift of Electrons Responsible for Auroral Absorp-
tion" 40

Krupitskaya, T. M., Shirochkov, A. V., Chernin, K. Ye., "Investigation
of the PCA Phenomenon on 2-4 November 1969 According to Data from
Multifrequency Riometric Observations on Dikson Island" 46

Ul'yev, V. A., "Time of Onset of the Peak Effect in the Midday Recov-
ery" 53

- Vystavnoy, V. M., Obukhov, K. P., "Correlation of Amplitudes of In-
terfering Signals" 60

Lukashkin, V. M., "Analysis of Characteristics and Some Recommenda-
tions on the Choice of Antennas for the Slant Sounding Reception
Station With its Installation on Shipboard" 64

Kuperov, L. P., "Reliability of Collection of Meteorological Informa-
tion in Antarctica by Short-Wave Communication Facilities with the
Parallel and Series Interrogation of Stations" 74

Kuperov, L. P., "Rejoining of Geomagnetic Lines of Force With the In-
terplanetary Magnetic Field in the Evening Sector of the Polar Cap
in the Southern Hemisphere" 82

Galkin, R. M., "Influence of the Interplanetary Magnetic Field on Geo-
magnetic Activity" 93

01', G. I., "Relationship Between the Position of the Auroral Electro-
jet and the Interplanetary Magnetic Field and Geomagnetic Distur-

bance" 102
Latov, Yu. 0., "Some Peculiarities in Development of a Magnetospheric
Substorm" 110
01°, A. I., O01', G. I., Svorova, L. A.,, "Influence of Some Space Fac-
tors on Atmospheric Circulation" 116
48

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0

FOR OFFICLAL USE ONLY

ol', G. I., Suvorova, L. A., "Reaction of Atmospheric Temperature
to the Earth's Passage Through the Sectoral Boundaries of the

Interplanetary Magnetic Field"

Kupetskiy, V. N., "Use of Geomagnetic Disturbance for Foreseeing Hy-

drometeorological Phenomena"

- Filippov, A. Kh., "Results of Measurement of Strength of the Atmo-

spheric Electric Field in the Arctic"

- Sleptsov-Shevlevich, B. A., "Two-Year Rhythm of Short-Period Fluctua-

tions of Solar Activity"

COPYRIGHT: Arkticheskiy i antarkticheskiy nauchno-issledovatel'skiy

institut (AANII), 1977
- {131-5303]

5303 ~END-
CSO: 1865

49

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200050022-0



